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Summary
Sugi (Cryptomeria japonica D. Don) is one of the main tree species which are extensively planted in
Japan. Recently, the rotation period of sugi plantation has been prolonged. For effective utilization of sugi
wood resources in the future, therefore, it is very important to understand the properties of wood derived
from aged-sugi trees. In the present study, radial variation of wood properties (microfibril angle, MFA;
air-dried density,?) and mechanical properties (compressive strength parallel to grain,?; shear strength,
?) were investigated for 55-year-old sugi trees originated from seedlings. Based on the obtained results,
differences in wood and mechanical properties between juvenile wood (JW) and mature wood (MW)
were discussed. Significant differences between JW and MW were found in?, but not in?. Relatively
highly correlation coefficients were recognized between?and?in both JW and MW. By multiple
regression analysis, MFA and?may also influence on the?in JW. On the other hand, significant positive
correlation between?and?was found in JW, but not in MW. In addition,?was not strongly affecting by
the MFA. These results suggest that wood property influencing the mechanical property was different
between JW and MW. 
Keywords: sugi (Cryptomeria japonica), compressive strength parallel to grain, shear strength, juvenile
wood, mature wood
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1. Introduction
Sugi (Cryptomeria japonica D. Don) is one of the main
plantation species in Japan. It is widely distributed through-
out Japan, except for northern part of Hokkaido Island.
Timber of sugi has been used mainly for construction of
traditional wooden houses. Growth of sugi trees is relatively
fast compared to other coniferous plantation species. From
these reasons, sugi has been extensively planted throughout
Japan after World War II 16).
Many researchers have focused on the wood properties of
sugi grown in plantation 1-5,7-14,17-20). Many researches, howev-
er, deals with the young plantation trees up to 40-year-old
or thinned trees under 25-year-old 2,3,11,17,19). Similar reports
dealing with wood property of aged plantation sugi trees,
such as over 50-year-old, are available 1,8,10,12,18,20). 
In our previous study 8), radial variation of static bending
properties in 55-year-old sugi was investigated. In addition,
relationship between static bending property and basic
wood property was also investigated. Modulus of elasticity
(MOE) gradually increased up to 25th annual ring from
pith, and then showed almost constant value thereafter.
Modulus of rupture (MOR), however, showed almost con-
stant value from pith to bark. We concluded that microfibril
angle (MFA) mainly influences the bending property in
juvenile wood (JW), whereas air-dried density (?) mainly
influences on the bending property in mature wood (MW).
In the present study, differences between JW and MW in
compressive strength (?) and shear strength (?) were inves-
tigated to obtain the basic knowledge of wood property in
aged plantation sugi trees. In addition, relationship between
strength properties and basic wood properties was also dis-
cussed. 
2. Materials and Methods
Three trees of 55-year-old sugi were harvested from a
plantation forest which is located in Motegi Town, Tochigi
Prefecture, Japan. These trees were originated from
seedlings, which are widely used in Tochigi Prefecture for
establishing the plantation. Mean diameter at breast height
position of three sample trees was 40.5 cm. After harvest-
ing, logs in 1 m length were obtained from 0.2 to 1.2 m
position from the base. Discs in 5 cm thickness were col-
lected from the bud end and used for measuring the basic
wood property. Basic wood properties, such as annual ring
width (ARW), basic density (BD), latewood tracheid length
(TL), and microfibril angle of S2 layer of latewood tracheid
(MFA), were measured at every three annual rings from
pith to bark 8). Mean values of basic wood properties of
three sample trees were listed in Table 1 8). In the previous
study, from the radial variation of TL and MFA, boundary
between juvenile wood (JW) and mature wood (MW) was
defined as 24th rings from pith 8). This boundary between
JW and MW was also used for the present study. 
Compressive test parallel to grain and shear block test
using small clear specimens were conducted by using uni-
versal testing machine (Orientec RTC-2410) under labora-
tory condition (ca. 25?C and 65% relative humidity)
according to Japan Industrial Standard. Total 258 of small
clear specimens for compressive test (60 (L) by 20 (R) by
20 (T) mm) and total 126 of shear blocks (shear area, 20 (R)
by 20 (L) mm) were prepared from three sample trees.
Annual ring number from pith at the center of cross section
of the specimen was determined. Moisture content of the
specimens under air-dried condition was 14.0 ? 0.9%.
Before the tests, weight of each specimen was measured
for determining the ?. The load speed of compression test
and shear block test were 1 mm/min. After the tests, com-
pressive strength parallel to grain (?) and shear strength in
RL plane (?) were determined. In addition, specific com-
pressive strength (?/?) and specific shear strength (?/?)
were also calculated by dividing?or?by?. 
3. Results
Mean value of wood properties in three sample trees was
shown in Table 18). Mean value of ARW, BD and MFA in
JW showed higher value than in the MW. On the other
hand, standard deviation in all properties in MW was small-
er value compared to that in JW.
Table 2 shows?of specimens and the results of com-
pression and shear strength tests. In both compression and
shear test specimens,? of JW was significant (1% level)
higher value than that of MW. In addition, significant dif-
ferences between JW and MW were found in ?/? and ?.
On the other hand, there were no significant differences
between JW and MW in?and ?/?.
Correlation coefficients between wood properties (MFA
Table 1 Mean value of wood properties in three sample trees 8)
Mean SD Mean SD
ARW (mm) 5.3 2.4 2.3 0.6
BD (g/cm3) 0.30 0.05 0.26 0.02
TL (mm) 2.41 0.47 3.08 0.34
MFA (degree) 20.5 5.7 12.3 1.1
MW
Property
JW
Note: JW, juvenile wood (from pith to 24th annual ring); MW, mature wood (from 
25th annual ring to bark side); SD, standard deviation; ARW, annual ring width; 
BD, basic density; TL, latewood tracheid length; MFA, microfibril angle of S2  
layer of latewood tracheid.
Table 2 Air-dried density of  specimen and results of compressive
              and shear strength tests
Mean SD Mean SD
ρ (g/cm3) 0.33 0.03 0.29 0.02 **
σ (MPa) 21.3  2.9  21.3  2.4  ns
σ/ρ (MPa•g•cm-3 64.8  5.1  72.2  5.4  **
ρ (g/cm3) 0.32 0.04 0.29 0.02 **
τ (MPa) 4.6  1.0  4.1  0.6  *
τ/ρ (MPa•g•cm-3)
)
14.2  2.8  14.3  2.3  ns
Shear
MWJW Significance
between JW
and MW
Test Property
Compressive
Note: JW, juvenile wood (from pith to 24th annual ring); MW, mature wood (from 25th 
annual ring to bark side);SD, standard deviation; ARW, annual ring width;ρ , air-dried 
density,  σ, compressive strength; σ/ρ, specific compressive strength; τ, shear strength; 
τ/ρ, specific shear strength; *, significant at 5% level; **, significnce at 1% level; ns, no 
significant.
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and ?) and mechanical properties (?,?/?,?, and?/?) are
shown in Table 3. No significant correlation coefficient
between MFA and mechanical property were found except
for ?/? (r = -0.521) in JW. On the other hand, relatively
high significant correlations were found between?and
mechanical properties except for? in MW. 
4. Discussion
In our previous study 8), basic density showed higher value
near the pith, then rapidly decreased up to 9th annual ring
from pith, and finally showed almost constant value. As a
result, significantly higher value of basic density was found
in JW compared to MW. In the present study,?of JW in
both compression and shear test specimens was significant-
ly higher than that of MW (Table 2).
Several reports on the radial variation of?in aged-sugi
trees are available 11). Kubojima et al. 10) reported that?in
86-year-old sugi tree grown in Chiba, Japan, increased from
pith to bark. In addition, Zhu et al. 20) reported that MOR in
static bending and?showed a 12% - 16% increment from
JW to MW. In the present study, as shown in Table 2, the
same mean value (21.3 MPa) in?was obtained in JW and
MW, not corresponding to the results obtained by the other
researcher 10,20). The?was strongly influenced by the densi-
ty, i.e. there is a high correlation between? and? .
Therefore, density may influence the?in MW.
When radial variation of ?/? in 90-year-old sugi was
examined, ?/?gradually increased and then showed almost
constant value from pith to bark side 18). As the results, ?/?
in JW was lower than that in MW 18). Our results obtained
are similar to those obtained by Watanabe et al.18). 
It is well known that there is a highly positive correlation
between?and?15). In aged-sugi trees, correlation coeffi-
cient between density and?is relatively small 18). On the
other hand, when the correlation coefficient in JW and MW
was separately calculated, relatively high correlation coeffi-
cient was obtained in both JW and MW 18). As shown in
Table 3, significantly, high correlation coefficient between
?and?were obtained in both JW and MW, indicating that
? in both JW and MW is strongly influenced by the densi-
ty. On the other hand, Ishiguri et al. 6) suggested that in JW
of hinoki (Chamaecyparis obtusa), especially in the xylem
up to 10th annual ring from pith,?was effected not only by
density but also MFA. To confirm the influence of MFA on
s, correlation coefficient between ?/?and MFA was exam-
ined. As a result, significantly negative correlation was
found in JW (Table 3). In addition, multiple regression
analysis for?by MFA and?was performed for JW and
MW (Table 4). Correlation coefficient (r = 0.901) obtained
by multiple regression analysis using both MFA and?was
higher than that (r = 0.849, Table 3) calculated by single
regression analysis using only ?. These obtained results
suggested that?in JW was influenced by both MFA and ?.
On the other hand, no significant correlation coefficient was
found between MFA and?in MW (Table 3). In addition,
almost the same correlation coefficient was obtained by sin-
gle (?) and multiple (MFA and ?) regression analyses
(Tables 3 and 4). Therefore, it can be said that?in MW
was mainly influenced by ?. This tendency in MW may be
due to the lower value of standard deviation of MFA than
that of ?(Tables 1 and 2). 
Zhu et al. 20) reported that, in 78 year-old sugi trees origi-
nated from seedlings,? showed 6 to 13% increment from
juvenile to mature wood. In the present study,?of JW was
significantly higher value than that of MW (Table 2), not
corresponding to previous reports 10,20). In general, it is well
known that there is a highly significant correlation coeffi-
cient between wood density and?15). In aged-sugi trees,
similar results were obtained by several researchers 10,20). In
the present study, significant correlation coefficient between
?and?was found in JW, but not in MW (Table 3). Thus,
our results may be not corresponding to previous reports
10,20)
. On the other hand, significant correlation coefficient
was not obtained between MFA and? in both JW and MW
(Table 3). Zhu et al. 20) also reported that significant correla-
tion coefficient was found between specific gravity and?,
but not between MFA and?. In addition, there were no sig-
nificant differences between MFA and ?/?, indicating that
?of both JW and MW is not strongly influenced by the
MFA. Further research, however, is still needed for clarify-
ing the relationship between basic wood property and?. 
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Table 3 Correlation coefficient between strength property and wood property
σ -0.185 ns 0.191 ns 0.849 ** 0.774 **
σ/ρ -0.521 * 0.159 ns
τ 0.106 ns -0.457 ns 0.651 ** -0.026 ns
τ/ρ 0.011 ns -0.426 ns
Strength
property
- -
JW MW JW MW
- -
MFA ρ
Note: JW, juvenile wood (from pith to 24th annual ring); MW, mature wood (from 
25th annual ring to bark side); MFA, microfibril angle;  ρ, air-dried density, σ, 
compressive strength;σ/ρ, specific compressive strength; τ, shear strength; τ/ρ, 
specific shear strength; *, significant at 5% level; **, significant at 1% level; ns, 
no significance.
Table 4 Multiple regression analysis for compressive and shearing
              strength by MFA and ρ 
X1 X2 Y Position Equation r
JW  = -0.169X 1 + 81.864X2 - 2.32 0.901
MW = 0.121X1 + 105.883X2 + 11.4 0.777
σMFA ρ
Note: MFA, microfibril angle; ρ, air-dried density; σ, compressive strength;JW, 
juvenile wood; MW, mature wood; r, correlation coefficient.
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